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RESEARCH ON OCULAR EFFECTS PRODUCED BY

THERMAL RADIATION

This report was prepared by the Life Sciences Division of
Technology Incorporated for the USAF School of Aerospace Medicine
under Contract AF 41(609)-2906 and covers the period 15 June 1965
to 15 June 1966. Project Leader for Technology Incorporated was

Dr. Ralph G. Allen, Jr,

The program was initiated by the Ophthalmology Branch of the
School of Aerospace Medicine, Brooks Air Force Base, Texas with
additional support from the Defense Atomic Support Agency, Washington,
D. C. Mr, E. O. Richey, SAM, was Contract Monitor during the
contractual period. Grateful acknowledgement is hereby made of the
assistance provided by Mr. E. O. Richey, Lt. Col. J, F. Culver,
Major A. V. Alder, and Major D. J. Pitts--all from the Ophthalmology

Branch of the School of Aerospace Medicine.

This report covers the study of chorioretinal burns carried out
by Technology Incorporated and it follows earlier work (1) in which (a) ,
a Meyer-Schwickerath photo coagulator, manufactured by the Carl
Zeiss Company, was modified for the production of retinal burns under >
closely controlled conditions and (b) preliminary techniques were
developed for the production and detection of minimal retinal burns in

rabbits.



The primary efforts and results obtained in this study are

documented in detail in the series of reports attached hereto. These

reports cover:

(a)

(b)

(c)

(d)

(e)

Calibration of the energy output of the photo coagulator
in physical units (for various modes of operation) and
interpretation of this output in terms of energy deposited

on the rabbit retina (2).

Complete operating and maintenance instructions for the
modified Zeiss coagualtor and associated pulse control

unit (3).

Results obtained from a thorough study of the production
of 5-minute minimal retinal burns in rabbits for exposure
durations ranging from 165 puseconds to 250 mseconds and

image sizes ranging from 0.11 mm to 1.0 mm (4).

Results of a study aimed at correlating calculated temperature
distributions in the rabbit retina with the production of

minimal observable lesions (5).

Measurement of the light emitted in the pulses from several
Strobonar flash units used by personnel of the Oculo-Thermal

Branch in flash blindness simulation studies (6).



A major effort not yet described in a report is the modification

of a ruby laser system acquired from Maser Optics.

This laser system, capable of approximately 100 joules output,
has been installed and operated in the normal mode, and is now being
modified for the experimental production of retinal burns, A water
treatment system for the laser has been designed and constructed and
consists of mixed bed water demineralizer and a water cooling system

for the ruby rod and flash lamps.

Studies have also been made on various methods of Q-switching
and a tentative decision has been to use a Kerr cell shutter since it
appears that the system will give the most reliable and most flexible

control of the beam.,

Other support systems for the laser are also in the study or
design state. These include a temperature controlled laser dump
circuit, a beam intensity control system, several calibration systems,
and animal irradiation equipment. The temperature controlled dump
circuit will prevent firing of the laser unless the cooling water
temperature is within specified temperature limits. This is necessary
since the power output of the laser is temperature sensitive. The beam

intensity control is necessary in order that the beam intensity can be



varied for a given exposure time or laser pulse width. Several
calibration techniques are under study and it is anticipated that two
methods will be adopted in order to verify calibration results. The
animal irradiation equii:ment will be similar to that used with the Zeiss
light coagulator and consist of a movable ophthalmoscope and mirror
with which the operator can locate the area to be exposed, irradiate

the area, and then observe the area post exposure. The movable
mirror will simultaneously direct the laser beam into the rabbit eye

and protect the operator's eye.

In addition to the efforts described in the attached reports and

the work with the laser described above,

(a) The conventional battery power system for the Zeiss
coagulator was replaced with a 24 volt Nickle-Cadmium
system in order to achieve a more constant light output

for long duration exposures,

(b) initial experiments were conducted for the development of
techniques for making long exposures (> 10 seconds) with

rabbits, and

(c) equipment was assembled for sterioscopic fundus photography.



It is anticipated that these developments and improvements will
contribute materially to the study of retinal injury resulting from exposure

to high intensity light sources. .
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ABSTRACT

A modified Meyer-Schwickerath photo coagulator was developed
to study the production of thermal lesions in rabbits and primates.
In order to obtain quantitative data on the thermal exposurc¢s administered
to animals being investigated, it was necessary to measurc the spectral
irradiance as well as the total irradiance for the conditions under

which the source was to be operated.

The method of calibration, calibration results, and a comparison
between directly measured total irradiance and sp: ‘‘ral irradiance

integrated over wavelength are presented in this paper.
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CALIBRATION OF ZEISS PHOTO COAGULATOR

1. INTRODUCTION

Past work in this laboratory (1), and others (2), (3) has led to
the development of a xenon light source for the production of chorioretinal
burns under very carcfully controlled conditions, This source, a
modified Meyer-Schwickerath photo coagulator, was developed to study
the production of thermal lesions in rabbits and primates for exposure
times ranging from several seconds to approximately 150 useconds--and

for image sizes (in rabbits) which vary from approximately 0.1 to 1.0 mm

in diameter. In order to obtain quantitative data on the thermal exposures

administered to subjects, it was necessary to measure the spectral
irradiance as well as the total irradiance for the conditions under which

the source was to be operated. Such measurements were made with and
without a Fish-Sherman KG-3 filter using a calibrated Jarrell-Ash Ebert

monochromator, an Eppley l4-junction silver bismuth thermopile, and

a Bureau of Standards calibrated DXL-59 tungsten lamp.

The method of calibration, calibration results, and a comparison
between directly measured total irradiance and spectral irradiance

integrated over wavelength are presented in this paper.



2. LIGHT SOURCE

The basic light source was a Meyer-Schwickerath Light (Coagulator
manufactured by the Carl Zeiss Company. For the purpose of studying
chorioretinal burns, this machine was modified as follows: (a) a Keeler
ophthalmoscope with a pop-up mirror replaced the standard pinhole-mirror,
(b) a KG-3 phosphate glass filter was added to the optical system to reduce
the infrared energy in the beam, (c) one of the beam-size apertures was
changed from 0.8 mm (4, 59 light cone) to 0.2 mm (lolight cone), td) the
maximum opening of the iris was increased in order to obtain a 200-to-1
intensity control of the beam in 72 graded steps, (e) the lamp. holder was
modified to permit use of an Osram 2500W xenon lamp, and (f) an
auxiliary light control unit was added for accurate and automatic control
of the length of the light pulse (4). Figure 1 shows the modified machine
with its auxiliary equipment and figure 2 shows the optical system in

schematic.

Light pulses of specified durations were obtained by controlling the
power applied to the lamp. To accomplish this, a solid state switch was
used to connect the xenon lamp to a source of power--either a set of
aircraft batteries or a capacitor bank. With the batteries, pulses could

be obtained with durations of about 1 msecond to 10 seconds. For



shorter pulses, 150 useconds to 1 mseconds, the capacitor bank was
used in place of the batteries. Current through the lamp was approximately
200 amps for battery operation (50 volts) and 2000 amps for capacitor

operation (130 volts),

3. PROCEDURES

For the measurement of spectral irradiance, a Jarrell-Asik J.25
meter Ebert monochromator equipped with an RCA 7102 photomultiplier
was used. The circuit diagram used with the photomultiplier is shown
in figure 3. First, this combination was set up 50 cm from a DXL-59
tungsten filament iodine containing lanip for which the spectral irradiance,
Hs()\), had been determined by the National Bureau of Standards. The
response of the photomultiplier, V (X)), was determined in 10 mu
bandwidth from 400 to 800 mu and in 200 mu bandwidths from 800 to
1100 mu, For the interval 800 to 1100 miu a Corning Glass filter number
2550 was used to eliminate the second order spectrumi. The resolution
of the apparatus was che.ked by noting the wavelength interval corresponding
to the width at half maximum of the photomultiplier voltage when one of
the lines in the mercury spectrum was swept across the monochromator
exit slit, The bandwidth, measured in this manner, was |0 mu for

400 < A <800 mu and approximately 20 mu for 800 < A <1100 mu.
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After calibration with the standard source, the monochromator
was placed in the beam from the Zeiss coagualtor (300 cm from the focal
point of the system) and measurements made from 400 to 1100 mu. For
the measurements between 400 and 800 mu a 6000.2 blaze grating was
used. In the range 800 to 1100 mua 12, OOOX blaze grating was used.

Spectral irradiance, H(A), was then calculated using the expression

- VA
H(A) = H (A) —J—LVS(M (1)

where it is assumed that the voltage output of the detector is directly
proportional to the irradiance at the detector for all values of irradiance

of concern in this investigation.

Since the cruoss-sectional area of the light beam varied as the
square of the distance from the source (the beam being a circular cone
of rays), the spectral irradiance varied as the inverse square of this
distance. Thus, HD()\), the irradiance at a distance D other than the

distance at which it was originally measured, is given by

A
H = ~=— H
() ! (A (2)

D
where: A : cross sectional area of the beam at the distance at which

HC(A) was measured



AD = cross sectional area of the beam at distance D.

Since the Zeiss was to be pulsed at two voltage values, 50V and 130V
corresponding to the two current values 200A and 2000A, spectral
irradiance measurements werc taken for both of these conditions. Spectral
irradiances were also measured for two different xenon lamps--1000

and 2500 watt lamps--with and without a KG-3 filter,

Two methods were used to obtain the total irradiance (a) integration
of the measured spectral irradiance over the wavelength interval and (b)

direct total irradiance measurements using the Eppley thermopile.

In the first method, the total irradiance, HD is given by

HzIH()\ld/\ (3)
D D

Written as a discrete sum to correspond to the actual measurement,

equation 3 becomes:

1100
Hn = HD(A) AN (4)

A = 400

10 for 400 £ A £ 800 mu

It

where AA

AN =20 for 800 S A £1100 mu

"
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For the direct measurement of the total irradiance:

1
HD =] =« C - VE' (5)
where: 1 = Vg (corresponds to the setting of an iri- diaphragm
Vg

used to vary irradiance)

Vg = voltage response of Eppley (at equilibrium) with the iris
setting actually used for the measurement

V;E = voltage response of Eppley (at equilibrium) with the iris
fully open--other conditions being the same

C = calibration constant of the Eppley thermopile #6909

2

furnished by the manufacturer (1.150x 103 cal/cm®-sec-mv)

Figure 4 shows the value of I as a function of iris setting,

Determination of the retinal irradiance at time t, Hr(t), has been
considered for two cases (a) the subject sufficiently close to the eye piece
so that the entire light beam enters the pupil, and (b) the case in which
the pupil is smaller than the beam at the eye and consequently intercepts

only a portion of the beam:.

CASE A. LIGHT BEAM SMALLER THAN PUPIL,

In this case, Hr(t), the time dependent retinal irradiance is given by:

PRI T+ L S



Ag ,
Hr(t)—/AHB(A.t) T TN A 16)

spectral irradiance at distance B--the distance from

Here: HB(A.t)

the focal plane to the eye

Ag = area of the beam at distance B

Ai = area of the image on the retina

Te(M = spectral transmission of the clear media of the eye.
A = wavelength

t =z time

Hr(t) is treated as a time dependent variable since in some cases the time

dependence may be significant, Noting that

HB"\’ t) AB = HD()\.t) AD' (7)

AD = (DO)Z, (8)
and

A; = (FO)?, (9)

where, AD is the area of the beam at distance ), F is the effective focal
length of the eye, and © is the beam cone angle, equation 6 can be written

as

D 2
H_.(t) =(—F) /HD(A,t) Tem) dA (10)
A

e e e el

T o,

T
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Assuming that the spectrum does not vary with time

Hn(A,t)da = RIAV AN g 11
D' R(A)dx D -
A

where: Hp(t) '-'[HD(,\,U dA

and R(A) = M_ (Relative Spectrum)
Hp( A max)

Using (11) in (10)

2 i dA
D ARIA) Te (A) )
(—F ) H(t) = GKHpt)

H (t) =
r R(\) dA
5

Letting
RIN) To(N) dA

B J;Rm an
)

(]

Using (5), equation (12) becomes:

gt (13)

H.(t)=1CG TeV

However, in this expression, Vit corresponds to the equilibrium

E
value of the Eppley thermopile--a quantity which changes relatively slowly.
To account for rapid changes in irradiance, an EG&G SD-100 photodiode

was incorporated into the system. Its response is related to the response



of the Eppley thermopile through the expression

!

VE
S/ ey (14)

Vpd
V'E = Voltage response of the Eppley thermopile with iris in m

volts (at equilibrium and with the iris fully open)
V;)d = Corresponding voltage response of photodiode in volts.
Then:
! -

Hr(t) =B Vpd(t) (15)

where: B=ICSGTe

The voltage response of the photodiode was measured with a
Tektronix cathode ray scope with polaroid camera attachment so that the
light pulse could be described in terms of irradiance as a function of time

and/or average irradiance. (figures 5, 6, 7 and 8).

CASE B. LIGHT BEAM AT EYE LARGER THAN PUPIL

In this case, the retinal irradiance may be described as follows:

I A
A - !
“r(t) 2 j HC(A,U -A—p- Te(A) dA = GG'K HDlt) (1b)
A 1
where: G, K, and HD(tl have same significance as before and,
v A
R I
Ac



Ap = area of pupil

AC = area of beam at distance C (exposure distance measured

from the focal plane).

Using (5) and (14), equation (16) may be written as

t !
Hp(t) = B V4t) ; B' = G'B (17)
If the light pulse is nearly square, as in the case for relatively

long pulses using batteries as the power source, the average retinal

irradiance is given by:

ﬁr = B Vpd (for beam smaller than pupil) (18a)
Hr z B'V;)d (for beam larger than pupil) (18b)

For non-square symmetrical or semi-symmetrical pulses, the case
for relatively short pulses using a condensor discharge, the average

retinal irradiance is given by:

pd

IT
V(L) dt
where: v' l’.Ef{) o pd

C

: Tys2

Hy = B V_4 (Eff)

(19a)

; TI/Z = light pulse width at half-

maximum

Experimentallv it was found that for any iris setting

10
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T
] _ r' _ 1
fo Vpd(t) dt = Tm \pd (Max) = TI/Z vpd (E1f)

where Tm = light pulse width, which, if the energy were delivered

at the maximum pulse intensity, Vpd(Max), would give

the same total energy.

Thus, as a practical convenience for short pulses:

- T

Hr = B(TT}Z) V;d(Max) (for beam smaller than pupil)
and,

- \ slem !

Hr =B |[e——] V 4 Max) (for beam larger than pupil)

4, RESULTS

Results of the spectral measurements between 400 and 1100 mu
are shown in figures 9, 10, 11 and 12. The solar spectrum, a 5800° K
black body spectrum, and the 5800° K black body spectrum modified by
a KG-3 filter are shown for comparison in figure 13. In these figures,
the spectra are shown normalized to the total irradiance of a 5800° K

black body spectrum for this same wavelength region.

11

(19b)

(19c¢)



Table | shows the comparison between the integrated spectral

irradiance and the directly measured total irradiance.

Calibration constants appropriate to rabbits, as determined by these

measurements, are given below:

' 2 / 2
Grz(—%) = 5—300; :'9"104
E \ 1.0,
D = distance at which calibration measurements were made (cm)

F,. = effective focal length of the rabbit's eye (cm)

(T ) = lR(A) Te (A)_dA - 0489
er  f R(A)dA

where the spectrum is that obtained using a KG-3 filter and the spectral
transmission of the clear media of the rabbit eye, [Te(A)] . is taken

from Geeraets, et al. (5).

C=1.,150x10"3 (calories/cmz-sec-mv) for Eppley thermopile #6909,

Tm/Tl/Z' as a funciion of effective pulse length, is shown in
figure 14,

From this figure
0. 99 for 1 msec pulse

Tm/Tl/Z = 0,96 for 400 usec pulse

0. 90 for 145 usec pulse

S is a constant that is determined prior to each experiment,

12
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5. SUMMARY

Spectral irradiance and total irradiance were measured for the
light beam from a modified Zeiss photocoagulator., These measurements
were made over the wavelength region 400 - 1100 mu for two high
pressure xenon lamps--one a 1600 watt lamp and the other a 2500 watt
lamp--for two operating conditions. Spectral mecasurements show an
energy shift towards the blue end of the spectrum with increased current

through the lamps.

Total irradiance measured by integrating the spectral irradiance
measurements compared favorably with direct measurements of the total

irradiance using a black body receiver.

The influence of pulse shape on the total energy determined during
the very short pulse was examined and practical procedures for considering

this factor was established,

k3
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FIGURE 1. Modified light coagulator with auxiliary equipment,
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OPERATING INSTRUCTIONS FOR

MODIFIED ZEISS PHOTO COAGULATOR

l. GENERAL PURPOSE

The Zeiss light coagulator and associated components are used

to produce a high intensity pulsed light for retinal burn studies.

2. DESCRIPTION OF COMPONENTS

The components necessary for operation and calibration of the

system (figure 1) are listed below:

For Operation

Manufacturer Equipment
Tektronix, Incorporated Waveform generator, Type 162

Power supply, Type 160A

Two pulse generators, Type 161

Carl Zeiss Coagulator

Beckman Instruments, Inc. Eput and timer, Model 6144
Kepco, Incorporated Power supply, Type KM255
Lambda Electronics Corp. Power supply, Model 50

Technology Incorporated Capacitor bank



Manufacturer Equipment

Technology Incorporated D. C. contactor
Sequential control

SCR pulse switch

Keeler Optical Products, Inc. Ophthalmoscope, modified by
addition of a control handle and

moveable mirror

For Calibration

Manufacturer Equipment
Edgerton, Germeshausen & Photodiode SD-100

Grier, Incorporated

Tektronix, Incorporated Oscilloscope, Type 551

Oscilloscope camera, Type C-12

Eppley Laboratory, Inc. 16 Junction Bismuth-silver
thermopile
Hewlett-Packard D. C. VTVM, Model 412A

Power Requirements

External power: (a) 115 VAC, single phase, 29 amperes, (b) 240 VAC,



1.8 IR

3 phase Wye, 200 amperes and (c) a highly stable source of 48 VDC,

200 ampere battery power.

3. BASIC THEORY OF OPERATION

The Xenon lamp may be pulsed from a storage battery source for
pulsec durations of 10 seconds through 2 milliseconds or from the capacitor

bank for pulse durations of 1 millisecond to 145 microseconds.

When the DC contactor is energized—""RUN" light on (green)—the
capacitor bank is in parallel with the batteries. When de-energized—"OFF"

light on (red)—the capacitor bank is charged from the Kepco power supply.

Pulsing is accomplished by energizing a push button switch on the
ophthalmoscope handle. This energizes a relay in the sequential control
(figure 2) which energizes the shutter relay in the Zeiss coagulator which
in turn starts the operation of the waveform generator. The output of the
waveform generator triggers the ''on' and "off'" pulse generators. A
composite of the outputs of the pulse generators is shown in figure 3. The
"on' pulse width in figure 3 has been expanded from . 0l msec to 1 msec
to enable both pulses to be observed. The ''on' pulse (figure 4) furnishes
a square wave which triggers the silicon control rectifiers, this in turn
causes the capacitor to be discharged through the Xenon lamp. The "off"

pulse (figure 5) furnishes a bias to turn off the Silicon control rectifiers at




the preset time of the waveform generator. The Eput Timer is triggered

by the on-off pulse to give a visual readout of pulse durations.

The Kepco power supply furnishes a DC potential to charge the
capacitor bank during capacitor bank operation. It also provides a trickle

charge to the batteries during battery operation.

The Lambda power supply furnishes a DC potential for commutation

of the SCR pulse switch to turn off the Xenon lamp.

4, CALIBRATION AND OPERATION

Turn-on Procedure

Turn off and disconnect battery charger.
Turn on main power to relay rack.

Turn on the following equipment:

Lambda, Kepco and Tektronix power supplies.
SCR pulse switch

Sequential control box

Photodiode

Oscilloscope

Vacuum tube voltmeter

Eput-timer to follow position,




On the coagulator, set the multi-stage switches for normal load
and overload to R position, selector switch down (Page 15, Coagulator
Instruction Manual). On the back of the coagulator, push simmer to the
"UP'" position and set the coagulator protective switch to position I.
Press Red I, "Switch on Key'. Move the knife switch, on the back of
coagulator, to depress the microswitch with handle. WARNING: DEPRESS
MICROSWITCH WITH KNIFE SWITCH HANDLE ONLY. When the Xenon
lamp ignites, engage knife switch into slot. This bypasses the coagualtor

ignitor system,

Calibration

Battery Operation

Connect the output of the photodiode to the oscilloscope; the thermopile
to the vacuum tube voltmeter, and the camera shutter cable to the
sequential control. Remove the ophthalmoscope handle from the
optical beam director (figure 6). Disconnect the shutter cable from
the coagulator and insert the dummy plug to energize the shutter

relay.

Position the iris diaphram to its fully open position (zero setting)
and place the image field diaphram on 6. Focus the image at 300 cm

from the lens by adjusting the position of the objective lens barrel.




Check lamp electrode focusing as outlined on page 18 of the Zeiss

Light Coagulator Instruction Manual.

Set the image field diaphram to 0.5. Place the thermopile in the
light beam 300 cm from the objective lens. Position the thermopile
at the center of the light beam with the beam reflecting to the

immediate right or left of the objective lens,

Remove the dummy plug and reconnect the cable from the sequential
control, Push the simmer switch down, this will maintain a low
keep alive current, thus prevent excessive heating of the Xenon lamp.
Adjust the '"pulse interval" and "'multiplier' control on the waveform
generator for a pulse of | second--as read on the Eput-timer.

Adjust the Kepco power supply to 50 VDC and the Lambda to 100 VDC.
Energize the '""Run'' switch (green) on the DC contactor, and readjust

the Kepco to 0.5 AMPS,

Push the '"Reset' switch on the SCR Pulse Switch, The ''Standby"
light will go off and the "Ready' light on. Press the switch on the
ophthalmoscope handle to pulse the coagualtor and observe the
oscilloscope. It should take no more than two or three, one second
pulses to properly adjust the oscilloscope. On the oscilloscope set

the sweep time control to 1 second/cm and turn scale illumination



s e eI

and beam intensity very low to prevent over exposure of film during

the 10 second pulse.

Turn on oscilloscope camera, check film and close camera viewing

door.

Set the waveform generator for 10 second pulse duration, and the

scale of the VTVM to 3 mv full scale.

Reset the SCR pulse switch, While observing the VIVM, pulse
the coagualtor, and record the response of the Eppley thermopile.

From the film, record the amplitude of the photodiode pulse.

The Eppley thermopile is used only for the 10 second pulse and need

not be observed during the remainder of the calibration.

Set the waveform generator and oscilloscope to record, on film, the
response of the photodiode for each pulse width of interest. This

completes the pulsing for calibration on battery operation.

Capacitor Bank Operation

Push the "OFF" switch (red) on the DC contactor. This disconnects

the batteries from the capacitor bank. Set the Kepco to 100 VDC

and the Lambda to 300 VDC.
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During capacitor bank operation of 1 msec, allow 60 microseconds
for commutation discharge by setting the waveform generator to

940 microseconds. For a 400 microsecond pulse, allow 80 micro-
seconds for commutation by setting the waveform generator to 320

microseconds.

For a "snuff-out' or approximately 145 microsecond pulse, it is

only necessary to adjust the Kepco to maximum voltage.

Pulse the coagulator and record the amplitude of each pulse as in

battery operation. This completes the calibration measurements.

To prepare the coagulator for use, refocus the field lens and mount
the ophthalmoscope handle. If the coagualtor is not to be used
immediately, set for battery operation with a 0.5 amp charge tc

the batteries from the Kepco.

5. IRRADIANCE CALCULATIONS

Irradiance calculations are determined from the information recorded

during calibration procedure in the following manner:

!
T - cal
Hr = VEx‘)Z.lZ
cm” -sec




et O

VE = Voltage reading in mv of the thermopile (at 10 seconds).
92.12 = Calibration factor of the Eppley thermopile No. 6909
at 300 cm from field lens,

HI: = Average irradiance for the 10 second pulse.

then

| v d
Hr = H x +
r vpd

H,. = Average irradiance for pulse durations.

\'
_Pd = The photodiode voltage of the specified pulse divided by the

!
Vpd
P
photodiode voltage of the 10 second calibration pulse.
The following information is given as a guide for calibration but will vary
somewhat with Xenon lamp electrode aging and positioning.
Vg (thermopile reading at 10 sec) = 4.80mV

o v cal - cal
SR Hr VEX92.12 m 442, 2 mc—

Photodio?z Readings

Battery Operation

Time 10 sec 50 msec 40 msec 10 msec 4 msec
Volts 1.17V 1.35V 1.43V 1.50V 1.52V
Vod

_'2_ 1. 00 1.154 1,222 1.282 1.299
Vpd
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Capacitor Bank Operation

Time : 1 msec
Volts 2.40V
Vpd 2. 051
V;,d

H = 442.2x1.154 =
H, = 442.2x11.222+=
H = 442.2x1.282+=
H, = 442.2x1.299=
H, = 442.2x2.051 =
H, = 442.2 x2.650 =
H, = 442.2x3.077 =

0.4 msec

3.1V

2,650

907.0 x 0. 99% = 898 —F

1172 x 0, 96%*

1361 x 0, 90%

cm

0. 145 msec

3.6V

3.077

( 50 msec pulse)

(40 msec pulse)
(10 msec pulse)

(4 msec pulse)

al
-g8ecC

(1 msec pulse)

1
1125 :r-n—g—f‘s—e-c— (0.4 msec pulse)

1225-—2-—(:-—- (0.145 msec pulse)

% Integrated waveform correction factor.

For a detailed explanation of the irradiance calibration procedure refer

to reference (2).

6. EXPOSURE PROCEDURE

Place the animal in position and examine the fundus using the

10
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Keeler ophthalmoscope on the Zeiss beam director. Select the cone

size which corresponds to the image size desired and set pulse duration
desired into the equipment. The irradiance that will produce a ''5S-minute"
minimal retinal burn may then be determined in the following manner:
Using the irradiance obtained from the calibration procedure for the
particular pulse duration being investigated and the graph of Hr vs time

for 5 minute minimal burns (See figure 7) select an H, that is approximately
twice the energy expected to produce a minimal burn. This irradiance

is obtained by adjusting the ix"is diaphram--which acts as an attenuator

(See table 1). An exposure at the setting is then made and should produce

a definite burn. It will be used as a reference or marker burn. The
irradiance may then be decreased in steps until a minimal burn is observed.
For a more detailed explanation of exposure procedure and calibration,

see reference (1) and (3).

7. MAINTENANCE

Preventive Maintenance

The instruction manual of the individual components should be
referred to for detailed operation, maintenance and calibration (4) and (5).
Xenon bulb and high voltage connectors should be checked for security of

mounting once each month. Clean and lubricate knife switch pivot when

11
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corrosion appears. Replace carbon granules in ozone filter when ozone

is detected, Check mounting and security of shutter microswitch in the

coagulator and burnish all points on the D. C. contactor every six months,

Troubleshooting

Symptom

Xenon lamp fails to turn OFF

on battery Operation,

Double pulsing of Xenon lamp

Xenon lamp output irregular

Xenon lamp premature turn-off
at 400 microseconds and 1 msec.
Xenon lamp fails to commutate
on capacitor bank operation.
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